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United States historic emissions and projected emissions under
the 2050 goal for net-zero.

Source: The Long-Term Strategy of the United States: Pathways to Net-Zero Greenhouse Gas Emissions by 2050. November 2021. whitehouse.gov
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@ US Policies and Programs CErERENE

Legend: May 2021 June 2022 August 2022
Policies to support RD&D E3 Initiative (for Better Energy, *- Lennox produces most effective o - |nflation
Policies to support supply chain Emissions, and Equity) heat pumps for cold climates Reduction Act
Policies to support affordability
Response to international policies May 2021 . December 2021 January 2023
Japan - U.S. Clean Energy Partnership Residential Cold Climate New efficiency rating
Heat Pump Technology Challenge for AC and HP
2020 2021 ? ”‘
([ [ ® ®
Effective November 2020 J L July 2021 2022 \—l 2023
US withdrawal from Paris Climate Accord Justice40 Initiative September 2022
May 2022 US senate voted to ratify
January 2021 o ICEE HOT (Installing Clean Efficient o the Kigali Amendment to
US rejoined Paris Climate Accord Energy Hastens Our Transition) Act the Montreal Protocol
May 2022 June 2022
April 2021 o HEATR (Heating Efficiency and &  -e Invocation of the Defense
Decarbonize the US power sector by 2035 Affordability through Tax Relief) Act Production Act (DPA)

Source: whitehouse.gov; US Department of Energy
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Legend: May 2021
PO/{C{eS to support RD&D | E3 Initiative (for Better Energy, -
Policies to support supply chain Emissions, and Equity)

Policies to support affordability
Response to international policies

2020 2021
® ()

June 2022
Lennox produces most effective o
heat pumps for cold climates

December 2021
Residential Cold Climate
Heat Pump Technology Challenge
!
® ®
2022 2023

E3 Initiative (Initiative for Better Energy, Emissions, and Equity)

* Advanced Water Heating Initiative
Residential Cold Climate Heat Pump Technology Challenge

Source: whitehouse.gov,; US Department of Energy

Collaborative RD&D on low to no-GWP refrigerants
Residential HVAC Smart Diagnostic Tools Campaign
Better Buildings Low Carbon Pilot
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Legend:

Policies to support RD&D
Policies to support supply chain
Policies to support affordability

Response to international policies May 2021
Japan - U.S. Clean Energy Partnership
2020 2021
® ® ® ®
2022 2023

The Defense Production Act (DPA) allows the president to direct

resources to ensure the supply of materials and services necessary for
national defense.

June 2022
~e Invocation of the Defense
Production Act (DPA)

DPA was invoked in June 2022 to rapidly expand US manufacturing of five
critical clean energy technologies, including heat pumps.

Source: whitehouse.gov,; US Department of Energy
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Legend: . . : : : August 2022
Policies to support RD&D Inflation Reduction Act of 2022 aims to curb inflation by

. : -® Inflation
Policies to support supply chain Lowering health care costs i
. duci he fed | defici Reduction Act
Policies to support affordability Reducing the federal deficit
Response to international policies * Investing into domestic clean energy production and
manufacturing

2020 2021
® () () ()

L july2021 2022 2023

Justice40 Initiative

Justice40 Initiative aims to direct 40% of the
overall benefits of certain federal
investments, including clean energy and
energy efficiency, toward disadvantaged
communities.

Source: whitehouse.gov,; US Department of Energy
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Source: whitehouse.gov; US Department of Energy
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Annan * US heat pump market shipments

Air-source heat " Qutside air-water

oump, 93% 7.1% / heat pump, 0.05% predominantly comprises air

Ground-source source heat pumps (ASHP)
heat pump, 1.5%

* Heat pump water heaters
Eee:‘ttefugng/water (HPWH), water loop heat pumps

S (WLHP), and ground source heat
pumps (GSHP) comprised over 7%
of heat pump sales in 2022

Water loop heat
pump, 2.3%

2022 market distribution of heat pump technologies.

Source: The North American Heating & Cooling Product Markets, 2022 Edition. BRG Building Solutions.

15-18 May 2023, Chicago, lllinois 9



@ Air-Source Heat Pump Shipments AR

Shipments Market share Shipments Market share
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ASHP shipments compared with furnaces and central air conditioners.

Source: The Air-Conditioning, Heating, and Refrigeration Institute (AHRI). Historical Data. https://www.ahrinet.org/analytics/statistics/historical-data
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38% of new single-family homes completed in 2021 in the Most of these heat pump installations are in the South.

US used a heat pump as their primary heating source.

Source: US Census Bureau
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Electricity Price
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The regional differences in the heat pump market share can be attributed to the mild winter combined with lower electricity
Source: US Energy Information Administration and higher natural gas prices in the southern states.
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Inflation Reduction Act of 2022

 Tax credits of S300 for installing ASHP and HPWH in existing homes that meet specified efficiency
criteria

* Rebates of 50%—100% up to $14,000 on electrification measures for low- and moderate-income
households

Renewable energy tax credits

* Tax credits of 22%—30% of system cost for GHP installation in existing homes and new construction
Rebate programs by states

* For ASHP and GHP installation

Loan programs, grant programs, and Property-Assessed Clean Energy (PACE)
financing

Source: Energy Star; Database of State Incentives for Renewables & Efficiency (DSIRE); US Department of Energy
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Performance standards of residential central air conditioning equipment and heat pumps.

Source: US Energy Information Administration, https://www.eia.qov/todayinenerqy/detail.php?id=40232#
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Improve efficiency and
capacity of heat pumps
for cold climates, and
efficiency of systems for
warm climates

Reduce installed cost and
improve reliability of
high-efficiency systems

Develop solutions for
problematic heat pump
installations, particularly

for retrofit and
renovation applications

Develop alternative
refrigeration
technologies and lower-
GWP refrigerants to
reduce direct emissions
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technologies reorganized based on DOE/EE-1703
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@ Adoption of Low-GWP Refrigerants in Heat Pumps &EEI{I‘!EEEI\%II’E

* Some heat pump OEMs are now selling A2L products in select states that
have updated their building codes

*The blue states allow low GWP A2L
refrigerants for both A/C and Refrigeration
applications.

’ *The green states allow A2L refrigerants for
2 A/C application, while green-checked states
3 have partial A/C application allowances.

eStates shown in yellow are in progress on
i building code or legislative to allow low-GWP

S refrigerants.

; \ eStates in light gray have yet to begin the
process.

Progress on building code and legislative updates to allow Source: 2023 ACEEE Hot Air Forum
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® DOE’s Cold Climate Heat Pump Challenge &ggﬁ&ggnﬂc';

* Residential, centrally ducted, electric-only
HPs that perform better than today’s 32
products 30

* Nominal cooling capacity 24,000 — 65,000 Btu/hr, 23
strong capacity maintenance (i.e., 100% heating 526
capacity at 5°F, strong performance to below 0°F ) 2

el 4
* Perform efficiently in cold climates: COP lower 5,
limit @5 °F ",

Single-zone Ducted (all capacities)

CCHP Challenge Target
2-4 ton (24-48 kBtu/hr)

ke X ¥
i CCHP Challenge Target
: >4 ton (>48 kBtu/hr)
X

2.4 (>4 ton) or 2.1 (2-4 ton) #0
* Employ low-GWP refrigerants (< 750 GWP, AR4 H
100 year) 16
20 40 60 80 100 120 140
* Incorporate advanced controls and grid- Capacity Ratio 5F Max/47F Rated (%)
interactive capability to assist with installation, « Ducted (<2.5TR) x Ducted (2.5-3.5TR) * Ducted (3.5-4 TR) ¢ Ducted (>4 TR)

fault detection, demand response, and other
activities (AHRI 1380)

Full specification and test procedure for CCHP Challenge:
https://www.energy.gov/eere/buildings/residential-cold-climate-heat-pump-challenge
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 The market growth is uneven geographically (i.e., very small market share in cold climates)

* Hurdles for heat pump deployment include:
* High cost of installation; high operational costs in cold climates
e Supply chain constraints
» Existing building stock with fossil fuel systems and constraints for fuel-switching
* Need for supplemental electric resistance heating; overstress for the existing grid

* Alarge increase in heat pump policies and incentives for advancing heat pump RD&D

* Research efforts have significantly improved the energy efficiency of heat pumps; To
further expand the usage of heat pumps, need to improve performance and reliability
while discovering novel applications

* As the share of renewables in the energy mix increases, heat pumps can play an important
role in electrifying the building sector

15-18 May 2023, Chicago, lllinois 19
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Zhenning Li
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